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  Sa → ∗   Sa + Sb → ∗

Sa + Sa → ∗  
ÆÂkSkr
aj = cjXa(t)   aj = cjXa(t)Xb(t)













X(t)← X(t) + νj
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P[Tj(t) ∈ [t, t + dt] |X(t)] = aj(X(t), t) dt.
t rLŁl5l~Ł³{llvijﬃkrg2rLvkI¶rŁl"²k+³i²ŁŁ{Ã³Y}kQkY}k=rLŁj iŁ{|Łi¿rvg²r
P[{Tj(t), Tk(t)} ∈

























  ξ ∼ Exp(1)
³¾














ξjk ∼ Exp(1)  
Æ0»rg























j ∈ {1, ..,M}



































f(x + νj)aj(x, t)− aj(x, t)f(x).










aj(x− νj , t)P[X(t)− νj = x]−


































































































































f(x + νj)aj(x, t)− aj(x, t)f(x).
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g1(τ |t) = 0
¹ Ò l¿Łi4l





(τ) = ν2 a2(X(τ), τ)
=
75?
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(t+, g1(τ+|t) − ξ1)
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s ∈ [τ−, τ+]
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g(s|t)− ξ1 = 0
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a1 = c1 ·
k







rvkj c2−−→ ∅ a2 = c2 ·
rvkj









a3 = c3 ·
rvkj























a5 = c5 ·
rvkj







lFrv c6−−→ ∅ a6 = c6 ·
lFrv
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fully stochastic  
hybrid S={1,2,3,4}
hybrid S={1,2,3}  
hybrid S={1,2}    
hybrid S={1,3}    
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a1 = 5 a2 = 5 a3 = 20

















































fully stochastic  
25 days post-infection















0.3 hybrid S={1,2,3,4}fully stochastic  
100 days post-infection


















fully stochastic  
50 days post-infection

















fully stochastic  
150 days post-infection

















fully stochastic  
75 days post-infection
















fully stochastic  
200 days post-infection














































S = {1, 2, 3, 4}
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S = {1, 2, 3}
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hybrid S={1,2,3} (dt=0.001 day)
fully stochastic              
200 days post-infection















hybrid S={1,2}  
fully stochastic
200 days post-infection















hybrid S={1,3}  
fully stochastic
200 days post-infection
iò¶íZù?ë  Qß/ëFóAíZï ö?óﬀﬁ 






























































lviiQvr-¾®vSj1rvgik Ò 6ÕºLkl~rvll~Łjﬃ6=®tFmo0t Ò ?¹Yso¹ ¡¹ @¡¹Ç|iZÆ0Łkikl-WI¹  iŁlWy|ki¾®S-gil
ik³Sl"S}°|kl5rvgk Dn·y}f0 DL
4
²=r/=AÕ0u¿pOsÂtvu    yiÄ
4
































kŁi³k¹%0il~rvkll5ŁlvŁj ³k6³}gikj ikrFÆÂÇ}l¹$. 
1 ﬂ
 




) + k°|Łds+ikW²df-²igQf-²¹/"lvlv ¼0ik
}r~rÃjﬃkrvg}il¾®S+gikj QvkIrvŁ
lv{|l~rvkj&l¹ !   	.ﬀﬂ! ﬃ
ﬂﬃ"   -. 


















ji³rv  l³k¡²iv=g¾®¿lv³j 











ﬂﬃ"   - 









































i³ik¹  $ 	98 : 
6* ﬂﬃ 	-; .:$- 












































³ŁŁklvi³kS¹f-gikgikj   ik°|Ł4²4Ô,Ç|ÇkﬀAŁÇk=²rvŁ*¾®6k°klv³iŁk

















Ł³ŁklviŁk¹ Ò iiIÀ}Łj&2rk6Sk³k²rvkI l~rvigSlFrŁ6l~Łji2r³S&²¾/gikjﬃ³Ł{¡kS¶r 
Łi&l~{}l~rvkjﬃl¹=<  ﬂﬃ $-1
 






























$ 2   1







iikI¹  % !  	! 	 1Eﬂ ﬂﬃ"
% ﬂ)4 
"
" =  1 .ﬀ	 	 1 ﬂﬃ ﬂﬃ"
% 2
%  ﬂ< .


































































vÇ|Ł/¹t r  l&ÅiSŁlv{\ilvŁikll
4
kikrŁ4kSiŁ²rvŁﬁ2rﬃrgik
²jﬃ²0lv²Łk¹ 1 ﬂ 	>	/ﬂﬃﬀﬂﬃ
 





































 % ﬂ "ﬂ !   ﬀ"ﬂ  E  = ﬃ















³ŁŁklvi³kx²Ł³rvgij4¹ <  ﬂﬃ $  
 










































ŁSrvkŁ³Ł-°=Ł²GÇ|ŁikrŁl¹<ﬁ ﬂ . '/
%
 














0 0;   7|Ï2 7;S
 
²S²Y¹
) 0ﬃ+Ã6²³¾0y=rvkikI¹ D5µGkrlÃ²¾-lFr}gYl~rv³r¼{´ŁÅjﬃ}}kl²¾rgik&k³L{}Łk  o¾®vSj SY²Sr CkÅ{}Łk
rvŁjﬃkl-rv&ilvk

























































































P[Nk(t + ∆t)−Nk(t) = 1
²



















f : NN → R
Æ+kir²Ł





































P[X(t) = x] =
M∑
j=1
P[X(t) = x− νj ]aj(x− νj , t)− aj(x, t)P[X(t) = x].

















































f(X(t) + νj)aj(X(t), t)− aj(X(t), t)f(X(t))
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f1, . . . , fM
′
: R+ → R+
Æ0»rg´³|°kl~k
(f j)−1(y) =
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E = E
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ξj ≥ (f j)−1(fM ′(ξM ′))
]
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S = {1, 2, 3, 4}
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gσ(τ |t) = c1 ·
Sk
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